ABSTRACT An experiment with 250 one-day-old male broilers (Ross 308) was conducted to investigate the differences of some blood parameters of cold-induced ascitic and healthy broiler chicks in a 6-wk period. The chickens were divided into 2 groups of 5 replicates each. One group of these chickens was raised in normal temperature (NT) treatment and the other in cold temperature (CT) treatment to induce ascites. Mortality was necropsied daily to determine cause of death. At the end of the experiment (wk 6), 5 chickens from each replicate were randomly selected and slaughtered. The heart was removed; the right ventricle was dissected away from the left ventricle and septum. Weights of right and left ventricles were determined separately. Average BW gain and average feed intake were measured weekly, and weekly average feed conversion ratio was calculated. Serum glucose, total protein, cholesterol, triglyceride, activity of lactate dehydrogenase, aspartate aminotransferase, and alanine aminotransferase were determined. Throughout the study, the right ventricle-to-total ventricle ratio and total mortality percentage due to ascites of CT-treated birds at the end of experiment was greater (P ≤ 0.05) than those of NTtreated ones. Fasting blood sugar of CT-treated birds in wk 4 and 6 was greater (P ≤ 0.05) than NT-treated birds. Total blood protein of CT treatment was lower than NT-treated birds in every week and whole period, but this difference was only significant (P ≤ 0.05) in wk 6. There was not a significant difference between 2 treatments for triglyceride and cholesterol, lactate dehydrogenase, aspartate aminotransferase, and alanine aminotransferase. It was concluded that cold-induced ascites could affect serum protein and fasting blood sugar of broiler chickens.
INTRODUCTION
The incidence of ascites in broilers has become of increasing concern to the poultry industry in many areas of the world (Silva et al., 1988) . Despite investigations of the syndrome for many years, it is still a condition that inflicts financial loss on poultry producers around the world (Maxwell and Robertson, 1997) . It is a severe cause of loss to the broiler industry in many countries, not only due to high rate of mortality, but also due to decreased weight gain and increased condemnations at slaughter (Julian, 1993) . This metabolic disorder accounts for over 25% of overall mortality (Guo et al., 2007) ; considering that an estimated 40 billion broilers are produced annually around the world, it is evident that losses due to ascites are significant (Solis de los Santos et al., 2005) .
Before a bird exhibits gross ascites syndrome lesions, commonly anatomical and also hematological changes can be detected (Maxwell et al., 1986 (Maxwell et al., , 1987 . A right ventricle-to-total ventricle ratio (RV/TV) of more than 0.27 is considered an accurate measure of the onset of ascites (Huchzermeyer and De Ruyck, 1986; Paecock et al., 1988) . The changes of hematocrit and hemoglobin (Cueva et al., 1974; Maxwell et al., 1986 Maxwell et al., , 1987 Yersin et al., 1992; Yahav et al., 1997; Wideman et al., 1998) , red blood cell counts (Cueva et al., 1974; Maxwell et al., 1986 Maxwell et al., , 1987 Yersin et al., 1992) , and blood gas volume (Olkowski et al., 1999; Daneshyar et al., 2007) between healthy and ascitic birds were investigated. In addition, some other variables may be affected by hypoxemia and ascites. Tankson et al. (2002) observed different serum protein and cholesterol between healthy and Enterococcus faecalis-challenged chickens to inducing pulmonary hypertension syndrome. Diaz-Cruz et al. (1996) detected a greater concentration of glucose in the liver of broilers with ascites. Yersin et al. (1992) observed a decrease of serum albumin concentration with ascites. Biswas et al. (1995) reported decreased serum protein in fast-growing chickens experiencing ascites. Balog et al. (2003) did not detect any difference in select hematological parameters between resistant, susceptible, and relaxed lines to ascites except different serum phosphorus and alkaline phosphatase between resistant and susceptible lines.
Even though a lot of information about hematocrit, hemoglobin, and blood gases is available, there is little or no information about changes and relationships of other physiological parameters such as fasting blood sugar (FBS), serum protein, cholesterol, and triglyceride in cold-induced ascitic chicks. Therefore, evaluating these parameters was first aim of this study in coldinduced ascitic broiler chickens. Furthermore, effect of cold-induced ascites on activity of lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) enzymes were investigated as a second aim. It has been recognized that LDH isoenzymes are released to blood in heart, liver, and pulmonary system damage (Jaffe et al., 1996; Zantop, 1997) ; AST in heart damage (Wirz et al., 1990 ) and liver damage (Pratt and Kaplan, 2000) ; and ALT in liver damage (Zantop, 1997) . It also has been found that the liver, heart, and pulmonary system are affected in ascites; therefore, it would be expected that these plasma enzyme activities changes with ascites.
MATERIALS AND METHODS
Two hundred fifty 1-d-old male broiler chickens (Ross 308) were used in this experiment. Half of the birds were housed in 5 pens (1 × 2 m 2 ) of 25 each and were reared under normal temperature (NT group) up to 4 wk of age; then, they were exposed to constant 22 ± 1°C until 6 wk of age (Luger et al., 2001) . The other half of the birds were housed in a room with 5 pens (1 × 2 m 2 ) of 25 each in a cold temperature condition (CT group). For inducing ascites, the birds of the CT group were raised under 32°C and 30°C during wk 1 and 2, respectively. The house temperature was decreased to 15°C during wk 3 and maintained between 10 and 15 for the rest of the study (Igbal et al., 2001 ). Feed and water were provided ad libitum. All chickens were supplied with a mash broiler starter diet until 21 d of age and were fed a mash broiler grower diet thereafter (Table 1). Average BW gain (ABWG) and average feed intake (AFI) were measured weekly, and average feed conversion ratio (AFCR) was calculated and reported weekly. Mortality was recorded daily, and all of the dead birds were examined for lesions of heart failure and ascites throughout the study. On d 14, one chicken from each replicate pen was selected randomly, marked, and wing vein blood samples were obtained weekly at 2200 h every Sunday after a 3-h starvation period. Blood samples were immediately aliquoted into nonanticoagulant tubes. These tubes were allowed to clot for 2 h at 37°C, and then serum was decanted and stored at −20°C for later analyses (Tankson et al., 2002) . Serum samples were thawed and serum glucose, total protein, cholesterol, triglyceride, and the LDH, AST, and ALT enzyme activities were determined using an autoanalyzer (Autolab, PM 4000, Autoanalyzaer Medical System, Rome, Italy). At the end of the experiment (wk 6), 5 chickens from each replicate (pens) were randomly slaughtered. The heart was removed, and the right ventricle was dissected from the left ventricle and septum. The right and left ventricles were weighed separately. The data were analyzed based on a completely randomized design using the GLM procedure of SAS (SAS Institute, 2002 ). Duncan's multiple range test was used to separate the means when treatment means were significant (P ≤ 0.05). The experimental protocols were reviewed and approved by the Animal Care Committee of the Ferdowsi University of Mashhad.
RESULTS

Performance
Average feed intake, ABWG, and AFCR of NT-and CT-treated birds are shown in Table 2 . There were no significant differences for AFI between 2 treatments at the first 2 wk of age, but at wk 3, 4, and 5, AFI of NT-treated birds was greater (P ≤ 0.05) than that of the CT-treated ones. At wk 6, although AFI in the NT group was greater than that of CT, this difference was not significant. For the whole 6 wk, AFI of NTtreated birds was also greater (P ≤ 0.05) than that of the CT group. Although ABWG for NT-treated birds was greater than that of CT-treated ones, this variable was significant (P ≤ 0.05) only at wk 4. Meanwhile, for the whole 6 wk, ABWG of NT-treated birds was significantly (P ≤ 0.05) greater than that of CT-treated birds. Average feed conversion ratio was greater (P ≤ 0.05) just at wk 3 in NT-treated birds, but in other weeks and the whole period of study, this variable was not significantly different.
RV/TV Ratio and Mortality Percentage
In our study, cold significantly increased the RV/TV ratio and mortality percentage of birds (Figure 1) . The RV/TV ratio of CT-treated birds was greater (P ≤ 0.05) than those of NT-treated ones. Total mortality percentage due to ascites during the whole period of study was significantly (P ≤ 0.05) greater in CT-treated than of NT-treated birds (8.8 vs. 2.4%).
Biochemical Parameters
The FBS and total protein were the biochemical parameters that were significantly (P ≤ 0.05) influenced by cold-induced ascites, at certain times (Table 3 ). The FBS of CT treatment at all weeks and whole period of the study except wk 2 was greater than NT ones, but these greater values were only significant (P ≤ 0.05) at wk 4 and 6. Although there was no significant difference for FBS between 2 treatments in the whole period (wk 2 to 6), a strong trend (P = 0.058) was detected. Conversely, total protein of CT-treated birds was numerically lower than NT-treated ones at every week and whole period of the study, and this difference was just significant (P ≤ 0.05) at wk 6. Although lower values of triglyceride and cholesterol for CT-treated birds were nearly observed at all weeks, these differences were not significant (P ≥ 0.05). Means in each column with no common superscript differ significantly (P ≤ 0.05). Means with no common letter are significantly different (P ≤ 0.05).
Enzyme Activities
In general, enzyme activities were similar for CTand NT-treated birds. There were no significant differences in the activity of LDH, AST, and ALT between CT-and NT-treated birds. Mean LDH, mean ALT, and mean AST according to unit of enzyme activity per liter of serum (U/L) were 1,044.88 vs. 1,067.36, 3.092 vs. 3.092, and 228.16 vs. 232.24, respectively, for NT-and CT-treated birds.
DISCUSSION
Hypoxia is thought to be the primary cause in the development of ascites; therefore, conditions that impose greater metabolic demand or decreased oxygen consumption increase incidence of ascites (Buys et al., 1999) . Cold temperature, despite increasing demand for oxygen consumption, leads to decreased ventilation and decreased oxygen availability in broiler houses (Buys et al., 1999) . Hypoxemia initiates a cascade of events that results in ascites and death (Julian, 1993; Wideman and Bottje, 1993) . Before death, significant deterioration in the performance of the broilers occurs (Wideman et al., 1998; Luger et al., 2001) . Observed decreased AFI and ABWG reduction for CT-treated birds in recent experiments show these deterioration effects. Increase in mortality and RV/TV ratio (Huchzermeyer and De Ruyck, 1986; Paecock et al., 1988) is often accompanied by ascites; therefore, greater RV/TV (0.29 vs. 0.20) and mortality percentage (8.8 vs. 2.4%) of CT-treated birds than NT-treated birds in our study indicated the ascites development.
Moreover, this hypoxemia leads to some hematological changes such as hematocrit, hemoglobin, red blood cell, and blood gas volume changes, and some other parameters could be affected as well. Also, absence of liver glycogen granules (Maxwell et al., 1986) , greater concentration of glucose in liver (Diaz-Cruz et al., 1996) , decrease of serum albumin concentration (Yersin et al., 1992) , and serum protein decrease (Biswas et al., 1995) in birds with ascites were reported. However, the information about changes of serum FBS, triglyceride, and ALT activity and their relations with ascites have not been reported previously. There is little information regarding serum cholesterol, LDH activity, and AST activity with ascites.
There were no significant differences between 2 treatments for serum cholesterol and triglyceride. The cold temperature significantly increased serum FBS of birds in wk 4 and 6 and decreased serum protein in wk 6 of the experiment. It might be concluded that the main portion of increased serum FBS is generated from serum proteins by gluconeogenesis, and possibly a slight portion of this glucose might come from triglyceride sources. Diaz-Cruz et al. (1996) detected a greater concentration of glucose in the liver of broilers with altitude-induced ascites. They attributed it to gluconeogenesis, because this pathway uses substrates other than carbohydrates such as lactate and amino acids to produce glucose. They also observed a greater ammonium and as a result greater protein catabolism of liver in the prepared hepatocytes of broilers with ascites in comparison with healthy birds. They suggested that deaminated amino acids might contribute to the high rate of gluconeogenesis found in hepatocytes of broilers Means in each column with no common superscript differ significantly (P ≤ 0.05). 1 Serum was used for hematological parameters. 2 Blood samples were obtained from 1 bird per pen.
with ascites. Despite chemical reactions like gluconeogenesis, these changes may be related to exudation of serum protein from extra cellular fluids. Tankson et al. (2002) reported that reduction in both serum protein and cholesterol may well be adaptive physiological responses to the impending loss of extra cellular fluids via ascites.
Despite slight differences between 2 treatments for enzyme activities, these differences were not significant. The LDH activity result of our study is consistent with those of Khajali and Qujeq (2005) , who did not observe any significant difference for LDH activity between healthy and ascitic broilers. Also, results of AST in our experiment are in agreement with those of Tankson et al. (2002) , who did not observe any significant difference in activity of AST enzyme in broilers experiencing pulmonary hypertension syndrome caused by E. faecalis challenge for 48 h or in healthy chickens.
The greater RV/TV ratio and mortality percentage of CT-treated birds indicated the ascites development. The greater FBS in the CT-treated birds at wk 4 and 6 of age verifies an increase in gluconeogenesis process in ascitic birds. It can be concluded that the main portion of increased serum FBS was generated from serum proteins through gluconeogenesis and possibly a slight portion was generated from triglyceride sources.
